FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida etal. 
Docket No. 14321.89 



1/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

2/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

3/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



4/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

5/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



6/44 





FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

7/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida etal. 
Docket No. 14321.89 

8/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



9/44 





CO 



CM 
■ 



CO 



■ 



LOSS (dB) 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



10/44 




CROSSTALK (dB) 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



11/44 



GIVE REFRACTIVE INDEX DISTRIBUTION {rv,} 
WITH APPROPRIATE VALUE 

q-0 



S20 




SERIAL OR PARALLEL COMPUTATIONS ACCORDING TO HARDWARE ARCHITECTURE 
COMPUTATIONS FOR ALL j'S, OR COMPUTATIONS FOR SUITABLE SETS OF j'S 



FIND VALUE VJ(z,X,{n q _l }) IN 
PROPAGATION DIRECTION, FOR INITIAL 
VALUE H/J(x) BY NUMERICAL COMPUTATION 



FIND VALUE #J(z,X,{n q .i }) IN BACKWARD 
PROPAGATION DIRECTION, FOR INITIAL 

VALUE 0J(x) BY NUMERICAL COMPUTATION 



ITERATIVE 
LOOP 



END OF YES 
COMPUTATIONS "* 



S23 

ARE ABSOLUTE VALUES SMALLER" ^ 
THAN DESIRED ERRPR dj FOR RESPECTIVE j'S? 

I0j(x)-^(z e( x,{n q . 1 })l<dj 



NO 



FIND VALUES OF REFRACTIVE INDICES AT 
RESPECTIVE POINTS (z,x) 

n q (z,x)=n q -i (z>x) 
•gZjlm[flj(z > x,{n q . 1 })* • vi(z e ,x t {nq- 1 })] 



S24 



FIG.11 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida etal. 
Docket No. 14321.89 



12/44 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

13/44 



o 




LOSS (dB) 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



14/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



15/44 




L 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

16/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



17/44 




LOSS (dB) 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



18/44 



GIVE REFRACTIVE INDEX DISTRIBUTION 
WITH APPROPRIATE VALUE 

q<-0 



[ 



I 



S30 



q<— q+1 



S31 




SERIAL OR PARALLEL COMPUTATIONS ACCORDING TO HARDWARE ARCHITECTURE 
COMPUTATIONS FOR ALL j'S, OR COMPUTATIONS FOR SUITABLE SETS OF j'S 



FIND VALUE M%,X,{n q .i }) IN 
PROPAGATION DIRECTION, FOR INITIAL 
VALUE VJ(X) BY NUMERICAL COMPUTATION 



FIND VALUE 0J(z,X,{n q _l }) IN BACKWARD 
PROPAGATION DIRECTION, FOR INITIAL 

VALUE #J(x) BY NUMERICAL COMPUTATION 



S33 



END OF 

COMPUTATIONS 



YES 



ARE ABSOLUTE VALUES SMALLER 



THAN DESIRED ERRPR dj FOR RESPECTIVE j ' S 

I0j(x)-^j(z e ,x,{n q . 1 })l<dj 



,NO 



ENLARRGE OR REDUCE OPTICAL WAVEGUIDE WIDTH SO 
. THAT ABSOLUTE VALUE OF 

lm[0J(z,x,{n q -i})* ■ V J (2,x,{n q .i })] 

MAY BECOME SMALL AT BOUNDARY BETWEEN CORE AND 
CLAD IN REFRACTIVE INDEX DISTRIBUTION {n q _i } 



S34 



ITERATIVE 
LOOP 



FIG.18 



NOTE: SIGNIFICANCE 
OF w< -": 

FOR EXAMPLE, 
A «- B + C DENOTES 
TO SUBSTITUTE SDM OF 
"B" AND "C INTO "A" 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



19/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



20/44 




LOSS (dB) 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



21/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



22/44 



0 



-1 



-2 



-3 



-4 



-5 



-6 



-7 



-8 



0 



PRESENT INVENTION 



D 



1 



O 

PRIOR ART 

J_ 



■a 




PORT NO. 



FIG.22 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



23/44 



FIG.23A 




FIG 




FIG.23C 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

24/44 




EXCESS LOSS [dB] 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



25/44 



C 



START 



S311 



DETERMINE INITIAL VALUES OF 
REFRACTIVE INDEX DISTRIBUTION 



S3 12 



SET OPTIMIZED POSITION 



S313 



COMPUTE FIELD IN CASE WHERE INPUT 

FIELD HAS PROPAGATED FORWARDS 
FROM INLET TO OPTIMIZED POSITION, 
AND FIELD IN CASE WHERE DESIRED 

OUTPUT FIELD HAS PROPAGATED 
BACKWARDS TO OPTIMIZED POSITION 



S314 



ALTER REFRACTIVE INDEX DISTRIBUTION 
SO THAT WAVEFRONTS OF INPUT FIELD 
PROPAGATED FORWARDS FROM INLET TO 
OPTIMIZED POSITION AND OUTPUT FIELD 
PROPAGATED BACKWARDS FROM OUTLET TO 
OPTIMIZED POSITION MAY AGREE 




FIG.25 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

26/44 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

27/44 



PHASE DIFFERENCE 



0 




FIG.27A 

REFRACTIVE 

INDEX DISTRIBUTION 



1.44428 




FIG.27B 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



28/44 




FIG.28 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

29/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



30/44 



C 



START 



S316 



DETERMINE INITIAL VALUES OP 
REFRACTIVE INDEX DISTRIBUTION, 
AND SET OPTIMIZED POSITION AT OUTLET 




S317 

r w 


COMPUTE FIELD DISTRIBUTION IN I 
CASE WHERE INPUT FIELD HAS I 
PROPAGATED FORWARDS I 








PROPAGATE OUTPUT FIELD BACKWARDS 1 
MINUTE DISTANCE IN ALTERED 
REFRACTIVE INDEX DISTRIBUTION | 


> 


f w 314 


ALTER REFRACTIVE INDEX DISTRIBUTION 
SO THAT WAVEFRONTS OF INPUT FIELD 
PROPAGATED FORWARDS FROM INLET TO 
OPTIMIZED POSITION AND OUTPUT 
FIELD PROPAGATED BACKWARDS FROM 
OUTLET TO OPTIMIZED POSITION MAY AGREE 




S319 


SHIFT OPTIMIZED 
INLET SIDE Mil 


POSITION ONTO 1 
JUTE DISTANCE 1 




FIG.30 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

31/44 



IS] 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



32/44 



PHASE DIFFERENCE [rad] 




FIG.32A 



REFRACTIVE 

INDEX DISTRIBUTION 

A 



1.45523 



1.44428 



FIG.32B 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



33/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

34/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



35/44 



C 



START 



i 



S321 



DETERMINE INITIAL VALUES OF 
REFRACTIVE INDEX DISTRIBUTION. 
AND SET OPTIMIZED POSITION AT INLET 


> 


S322 
f w 


COMPUTE FIELD DISTRIBUTION IN CASE 
WHERE OUTPUT FIELD HAS 
PROPAGATED BACKWARDS 




S323 

r w 


PROPAGATE INPUT FIELD FORWARDS 
MINUTE DISTANCE IN ALTERED 
REFRACTIVE INDEX DISTRIBUTION 




S314 


ALTER REFRACTIVE INDEX DISTRIBUTION 
SO THAT WAVEFRONTS OF INPUT FIELD 
PROPAGATED FORWARDS FROM INLET TO 
OPTIMIZED POSITION AND OUTPUT FIELD 
PROPAGATED BACKWARDS FROM OUTLET TO 
OPTIMIZED POSITION MAY AGREE 




S324 

w 


SHIFT OPTIMIZED 
OUTLET SIDE MI 


POSITION ONTO 
NUTE DISTANCE 




FIG.35 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

36/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

37/44 



PHASE DIFFERENCE [rad] 
1 




FIG.37A 



REFRACTIVE 

INDEX DISTRIBUTION 

A 



1.45523 



1.44428 



FIG.37B 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

38/44 



tSJ 




i ► x 



ii 

x 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



39/44 





CM 
■ 



CO 
I 



LOSS [dB] 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 



40/44 



CM 





FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

41/44 




FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida etal. 
Docket No. 14321.89 

42/44 



as 



co 





CO 



co 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

43/44 



C 



START 



S301 



INITIALIZE REFRACTIVE 
INDEX DISTRIBUTIONS 






^302 


VARY REFRACTIVE INDEX 
DISTRIBUTIONS IN ACCORDANCE 
WITH GENETIC ALGORITHM 


1 


S303 



ESTIMATE REFRACTIVE INDEX 
DISTRIBUTIONS BY WAVE PROPAGATIONS 



S304 



SELECT REFRACTIVE 
INDEX DISTRIBUTIONS 




FIG.43 



FLAT OPTICAL CIRCUIT, DESIGN METHOD FOR WAVE MOTION PROPAGATING 

CIRCUIT AND COMPUTER PROGRAM 
Inventor: Takashi Saida et al. 
Docket No. 14321.89 

44/44 




